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FINAL REPORT

1. Summary: This research program was devoted to the synthesis
and characterization of new transition metal complex
conductors. Essentially, compounds expected to have high and
controllable electrical conductivities were designed based on
principles evolved in our laboratory and other laboratories
around the world. These new compounds were characterized by
temperature-dependent electrical conductivity measurements,
magnetic susceptibility measurements, electron paramagnetic
resonance spectroscopy, structural determinations by X-ray
studies on single crystal samples, elemental analyses, X-ray
photoelectron spectroscopy, infrared, and ultra-violet
spectroscopy. Results of the research have been described in
several technical reports. Brief reviews of important results
are presented in the following paragraphs:

Charcie Transfer Compounds with Tetrathiafulvalene (TTF).
Reactions of TTF with a variety of copper(II) complexes
yielded highly conducting charge-transfer compounds of the
general formula (TTF)nCuX2  (X = Cl', Br-), where the
stoichiometry depended on the copper(II) complex starting
material. These new results clearly indicate that TTF-copper
halide charge transfer complexes of controlled stoichiometry
can be designed and prepared based on the redox potential of
the copper complex. (See Technical Report No. 44.)

Reactions of TTF with a variety of other transition metal
halides yielded highly conducting materials with TTF molecules
staeked to form chains, notably with the metal halide
coordinated to TTF molecules in the stacks. The new compounds
exhibit unusual stoichiometries and magnetic properties. It
is likely that these new compounds could be designed to
function as sensors or, say, as switches in devices.

Bis-Phthalocyaninato-Lanthanide Complexes. This work was
initiated when it was observed that HNd(Pc) 2 exhibited
unusually high electrical conductivity. A number of analogues
were prepared and characterized experimentally and
theoretically (see Technical Reports 34-36,42). These
compounds were small-gap semiconductors, and some of them
exhibited unusual temperature dependencies of electrical
conductivities. During the course of the research, a series
of compounds which may be formulated as Ln3*(Pc 2 ) (Pc") were
generated and remarkable properties were observed. Contrary
to accepted dogma, there is strong exchange coupling between
the lanthanide unpaired electron and the ligand-radical
electron. Furthermore, Yb(Pc)2, a compound with no unpaired
electrons, exhibited a magnetic moment of 3.5 g, an
unprecedented magnetic moment which arises from orbital
angular momentum only. There is much fundamental research to
be done with these interesting compounds, especially with a
triple-decker series in which mixed-metal, mixed valence
metals and ligands may be prepared. (See Technical Reports 38
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and 41).

Studies on Alkali-Metal Coinage-Metal Chalcogenides. A
number of such compounds, e. g. Cu.S6, have been prepared and
studied since electronic instabilities presumably arising from
charge-density waves were observed in our laboratory. (See
Technical Report No. 37). These compounds were selected for
study since they occur in the region of the generic phase
diagram common to high temperature superconductors. Although
many of these compounds are metallic and exhibit unusual
electrical conductivities, none have exhibited
superconductivity. However, this is a fruitful area for
fundamental research, and if current theories hold,
superconducting compounds will be found in some of the large
number of compounds that may be prepared. Systematic work and
patience will be the key to success. Collaborative work on
other systems which are precursors to high Tc materials was
also undertaken. (See Technical Report No. 40).

2. Technical Reports Resulting from the Grant:

No. 34. Magnetic and Electrical Properties of Sandwich-Like
Lanthanide Phthalocyanines, May 8, 1989.

No. 35. Application of the Angular Overlap Model to Lanthanide
Phthalocyanines, July 15, 1989.

No. -3-6. Sigma and Pi Interactions of the Pyrrolic Ligand
Sandwich-Like Lanthanide Phthalocyanines Determined from
Magnetic Susceptibility and Ligand-Field Theory, June 25,
1990.

No. 37. Electronic Instabilities of Two-Dimensional Metals
K3CU.S6 and Rb3Cu8S6, July 13, 1990.

No. 38. Bis(phthalocyaninato) Lanthanide Sandwich Compounds
Exhibiting Mixed Valence Ligands, July 13, 1990.

No. 39. Identification of a Novel Tetragonally-Compressed Six-
Coordinate Copper(II) Complex: Preparation and
Characterization of a 3-Chloroanilinium Copper Chloride
Complex (3-Chloroanilinium)8 [CuC6]C14, October 12, 1990.

No. 40. A Planar Oxocuprate(II) Array Via Heterometallic
Alkoxide Chemistry, November 14, 1990.

No. 41. Strong Exchange Coupling in Lanthanide
Bis(Phthalocyaninato) Sandwich Compounds, 29 March, 1991.

No. 42. Correlation Between Pi-Orbital Overlap and
Conductivity in Bis-Phthalocyaninato Lanthanides, 10 June
1991.
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No. 43. Properties of Tetrathiafulvalene Charge Transfer
Compounds with Iron, Ruthenium, Rhodium, and Iridium Halides,
10 June 1991.

No. 44. Synthesis and Characterization of Tetrathiafulvalene
Charge Transfer Compounds with Copper Halides, 19 August 1991.

3. Journal Articles Resulting from the Grant:

Padilla, J.; Hatfield, W. E. "Sigma and Pi Interactions of the
Pyrrolic Ligand Sandwich-Like Lanthanide Phthalocyanines
Determined From Magnetic Susceptibility and Ligand-Field
Theory", Inort. Chim. Acta 1990, 172, 241.

Tucker, D. A.; White, P. S.; Trojan, K. L.; Kirk, M. L.;
Hatfield, W. E. "Identification of a Novel Tetragonally-
Compressed Six-Coordinate Copper(II) Complex: Preparation
and Characterization of a 3-Chloroanilinium Copper Chloride
Complex, (3-chloroanilinium)8 [CuCl6 ]Cl4", Inorg. Chem. 1991,
20, 823-826.

Samuels, J. A.; Vaartstra, B. A.; Huffman, J. C.; Trojan, K. L.;
Hatfield, W. E.; Caulton, K. G. "A Planar Oxocuperate(II)
Array Via Heterometallic Alkoxide Chemistry", J. Amer. Chem.
Soc. 1990, 112, 9623.

Trojan, K. L.; Hatfield, W. E.; Kepler, K. D.; Kirk, M. L.
"Strong Exchange Coupling in Lanthanide bis-(phthalocyaninato)
Sandwich Compounds", J. A Phvs., 1991, §9, No. 8, 6007-
6009 -

Kim, Y. I.; Hatfield, W. E. "Electrical, Magnetic and
Spectroscopic Properties of Tetrathiafulvalene Charge Transfer
Compounds with Iron, Ruthenium, Rhodium and Iridium Halides",
InorQ. Chim. Acta, 1991, in press.

Padilla, J.; Hatfield, W. E. "Correlation Between r-Orbital
Overlap and Conductivity in Bis-Phthalocyaninato Lanthanides",
Inorg. Chim.Acta, 1991, 185, 131.

Ro, H. K.; Hatfield, W. E. "Electronic Instabilities of Two-
Dimensional Metals K3CuS 6 and Rb3Cu 611, in Mixed ValencV
Systems: Apolications in Chemistry. Physics. and Biologiy, K.
Prassides, Ed.; 407-412, 1991.

Trojan, K. L.; Hatfield, W. E.; Kepler, K. D.; Kirk, M. L.
"Bis(Phthalocyaninato) Lanthanide Sandwich Compounds
Exhibiting Mixed Valence Ligands", in Mixed Valency Systems:
ADlications in Chemistry. Physics, and Biology, K. Prassides,
Ed.; 407-412, 1991.

Kim, Y. I.; Hatfield, W. E. "Synthesis and Characterization of
Tetrathiafulvalene Charge Transfer Compounds with Copper
Halides", InorQ. Chim. Acta, 1991, 189, 237.
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Oki, A. R.; Zhang, H.; Maguire, J. A.; Hosmane, N. S.; Ro, H.;
Hatfield, W. E. "Synthesis and Crystal Structure of the First
Neutral Bis (n5-C 2B4-carborane) chromium (IV) Sandwich Complex",
Organometallics, 1991, I0, 2996.

Oki, A. R.; Zhang, H.; Hosmane, N. S.; Ro, H.; Hatfield, W. E.
"Trinuclear, Mixed-Valence, Zwitterionic, and Sandwiched
Manganacarborane: A Novel "Butterfly" Cluster", J. Am. Chem.
Soc., 1991, 113, 8531.

Trojan, K. L.; Kendall, J. L.; Kepler, K. D.; Hatfield Inorg.
Chim. Acta, 1992, 200, in press.
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